Introduction
Growing interest in replacing a higher cost conventional silicon-based material in solar cell application exhibits that iron pyrite (FeS 2 ) has become one of the alternative materials widely chosen by many researchers.
1-3) FeS 2 is a semiconductor which has remarkably large optical absorption coefficient (α > 10 5 cm -1 ) in the visible range [4] [5] and band gap energy around 0.95 eV, 4, 6) and the theoretical conversion efficiency of a FeS 2 -based solar cell is up to 20 %. 7) In addition, Fe and S elements are extremely abundant in nature, cheap and nontoxic.
To date, FeS 2 thin films were fabricated by various methods such as spray pyrolysis, Auger microprobe (JEOL) at a probe voltage of 10 keV and a current of 1 x 10 -8 A. Scanning electron microscopes (SEM) images were also taken using JAMP-9500F.
Photoelectrochemical (PEC) measurements using Xenon lamp (100 mW/cm 2 ) were conducted in an aqueous electrolyte of 100 mM Na 2 S 2 O 3 . The applied voltage was swept at 5 mV/s, and the illumination was mechanically chopped (on and off) for each 5 s. Figure 1 illustrates the CV for FeS x O y deposition solution with or without complexing agents. All the samples showed clear anodic and cathodic peaks, and during the initial scan from 0 V to about -0.9 V, no visible negative current appeared. The cathodic current started to increase at about -0.9 V. For the control and low concentration of tartaric acid (10 mM) samples, small shifts in the cathodic peaks were observed with a similar cathodic current density and a curve shape. Meanwhile, for high concentration of tartaric acid (50 mM) and lactic acid (56 and 111 mM), even though the curve shape seems similar, a larger negative current density was obtained. Thus, it can be concluded that the negative current was enhanced by addition of high concentration of tartaric acid and lactic acid in the FeS x O y deposition solution. Figure 2 summarizes the thickness measured for the deposited samples. The films were fully covered on the targeted deposited area. Overall, the thickness was increased with addition of the complexing agents. For the deposition with tartaric acid, the thickness was once increased, then decreased at 30 mM, and increased again with increasing concentration.
Results and discussion

Results
The reason for such oscillation behavior was not understood. Obviously with both acids used as the complexing agents in the solution, the grains size was reduced and the film uniformity was improved.
Auger electron spectroscopy (AES) results for the selected samples are shown in Fig. 4 . negative current increased as the sample was illuminated (on), and then decreased as the illumination was interrupted (dark-off). In the PEC measurement, the current due to the minority carrier was enhanced, thus, the results showed that the samples can be classified as p-type.
Discussion
Complexing agents were normally used to avoid precipitation (e.g., metal hydroxide) by slowing down the release rate of metallic ions in electrolyte solution caused by metal complex formation. In this works, the oxygen content in the deposited films was significantly reduced at high concentration of tartaric acid (> 10 mM) and lactic acid (56-167 mM). Oxygen is probably included in the film initially as Fe(OH) 2 , and then decomposed into iron oxides. For both complexing agents, free Fe 2+ ions in the solution would be decreased due to the formation of some iron complex species, which retarded the release of free Fe 2+ ions and consequently suppressed the formation of Fe(OH) 2 . Therefore, both complexing agents seem to retard the oxide formation. On the other hand, the film thickness was increased due to the addition of the complexing agents. The deposition in this work is galvanostatic, i.e., the electrical charge supplied was constant for all the depositions. Thus, a part of the current was consumed for reactions other than the sulfide formation without the complexing agents, and the complexing agents suppress such superfluous reactions and increase the film thickness. In our previous works, it was suggested that tartaric acid enhances the reduction of the sulfur species in ECD of SnS. 27) For FeS x O y , although the S/Fe ratio did not increase significantly, the complexing agents are considered to enhance the reduction of the sulfur species and the sulfide formation, which resulted in the increase in the film thickness.
The addition of the complexing agents also results in higher marcasite peaks intensity in the Raman spectra. In addition, lactic acid presence in the solution results in poor transmittance which is less than 2 %. This lower transmittance is partly due to the larger film thickness and partly associated with the defects states causing below-band-gap absorption and/or the marcasite phase, having a much smaller band gap. In PEC measurement, the improvement of the photoresponse was not observed for the samples deposited with the complexing agents. Thus, although the composition became more stoichiometric due to the addition of the complexing agents with the oxygen content much reduced, the optical and electrical properties do not seem to be improved significantly. In In future study, the heterostructures with an n-type semiconductor such as ZnO will be fabricated using FeS x O y films deposited with the complexing agents, and the effects of film composition (oxygen content) on the junction properties will be discussed. 
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